The aim of this study was to estimate ecotoxicity of the sediments from the shallow, eutrophic dam reservoir -Sulejowski. Research was carried out using Phytotoxkit microbiotests, which measure inhibition of seeds germination and roots growth retardation of the three species of plants (dicotyl Lepidium sativum, Sinapis alba, monocotyl Sorgum saccharatum). Tested plants gave different response to sediment samples, with decreasing sensitivity gradient: L. sativum, S. saccharatum, S. alba. The relationship of phytotoxicity of sediments with its water content was recorded (r = 0.63, p < 0.05). The results obtained showed spatial diversification along the reservoir, with the highest values in its opposite ends of the upper and lower parts (up to 87%), which are separated by a central area with the lowest toxicity (up to 45%). Possible reasons and implications of bottom sediments phytotoxicity are discussed.
Introduction
Dam reservoirs constructed on lowland rivers suffer numerous environmental and water quality problems. Tributaries usually deliver large loads of organic and inorganic pollutants, which undergo enhanced sedimentation along the reservoir basin due to lowered water flow velocity (Straškraba and Tundisi 1999) . Sediments act as sinks for different type of pollutants (trace metals, WWA, pesticides etc.), which achieve there much more higher concentrations than in water and may be chemically transsformad and deeposited on the bottom or liberated to overlying water under certain conditions and being biologically available (Bojakowska and Gliwicz 2003) . Moreover, some toxic substances may be produced in the reservoir in situ, such as cyanobacterial toxins produced during green-algae blooming in eutrophic reservoirs (Zalewski et al. 2000; Majsterek et al. 2004) , which may remain active in the organic sediments for a long time and can be a secondary source of contamination of water (Morris et al. 2000; Latif and Licek 2004; Zakaria et al. 2007 ). Therefore they might be potentially dangerous especially in dam reservoirs gathering water for drinking purposes, agricultural irrigation or being recreationally used.
Microbiotests usefulness in the standard monitoring of aquatic environments was already proved as an sensitive and low-cost routine screening tests of environmental samples quality (Latif and Licek 2004; Kaza et al. 2007; Wadhia et al. 2007; Mankiewicz-Boczek et al. 2008) even being recommended as a tool in Water Framework Directive Implementation (Wadhia and Thompson 2007) . Chemical and physical analyses detect hazard substances present in environment, but except of information on the amount of single contaminants does not deliver signals on environmental stress to organisms, which is especially important if synergistic or antagonistic interactions of mixture of pollutants appear (Wadhia et al. 2007) .
Battery of biotests is suggested to be used for precise information about the whole aquatic ecosystem (Wenzel et al. 1997; Persoone et al. 2003; Wolska et al. 2007) , however some authors indicate that sufficient information might be provided also when only one of the most sensitive types of microbiotests is applied .
The study aimed to estimate the phytotoxicity of the sediments in one of the Polish dam reservoirs, give the picture of spatial vriability of sediments toxicity with attempt to explain its possible cause.
Study site
Sediment samples have been collected from the Sulejów Reservoir, located on the Pilica river (central Poland) (Fig. 1) . The Reservoir is being supplied by two tributaries Pilica (82%) and Luciąża (14%) -rivers, which deliver only partially treated municipal sewage from three cities: Piotrków Trybunalski (78000 inhabitants), Sulejów (6332 inhabitants), Przedbórz (3786 inhabitants) (Ambrożewski 1980; Wagner and Zalewski 2000) . The Reservoir (length -15.5 km; maximum width -2.1 km; surface area -22 km 2 ) is a shallow (maximum deep -11 m, mean depth -3.3 m) eutrophic reservoir with average water retention time about 30 days (Ambrożewski 1980) . The reservoir has been used as drinking water source and for recreational purposes in spite of poor water quality due to cyanocterial blooms that appear every summer (Wagner and Zalewski 2000; ).
The reservoir is periodically impacted with strong waving events, which enhance water mixing and sediments resuspension and may enhance mobilization of toxic substances into water column. The reservoir has been operated since 1974 and hence a big amount of bottom sediments have accumulated in it. Contamination of sediments with heavy metals has not been confirmed (Trojanowska et al. 2007 ). Metals concentrations: Zn, Ni, Pb, Cd, Co, Fe, Cr, Cu remain below the geochemical background (according to classification by Bojakowska and Sokołowska 1998) . Metals concentration did not show significant spatial variation in sediment of the Sulejów reservoir, only slightly lower contents were recorded in the backwater part before narrowing (Trojanowska et al. 2007 ). The presence of other toxic substances in the sediments of the reservoir have not been reported so far.
Methods
Sediments samples were taken from 9 points covering randomly the area of the Sulejów Reservoir bed, location of the sampling stations is presented on the Fig.1 .
Samples were taken using a grab sampler (Ekman-Bridge type). Samples were dried in 80°C and then crumbled, homogenized and sieved thru a sieve with a 2 mm mesh. Such prepared sample was used to perform microbiotests using a set of Phytotoxkit, which measures two kinds of early growth effects: the decrease of seed germination and the decrease of root growth in comparison to germination and root growth in a control soil (in analogy to ISO standard 11269-1: "Determination of the effects of pollutants on soil flora -Part 1. Method for the measurement of inhibition of root growth"). The test was made using one monocotyl (Sorghum saccharatum) and two dicotyl plants (Lepidium sativum and Sianpis alba) delivered by manufacturer. 90 cm 3 of sieved sediments or refference sand was put in a lower compartment of a test plate (delivered by manufacturer) and hydrated with appropriate amount of distilled water (estimated on the basis of water holding capacity). Surface of the sediments tested was flatten and covered by paper filter. Thenafter 10 seeds of plant were put on the surface of paper filter and covered with surface platic plate. Operation was repeat for each seed for the 3 controll and the 3 sediment plates. Prepared phytotoxkit plates were incubated at 25°C in 3 days. After incubation pictures of the plates were made with digital camera. He pictures were thenafter analysed using IMAGETOOL 3.0 (UTHCSA, United States) software: the number of germinated seeds was counted as well as the lenght Fig. 1 . Location of study site and sampling points in the Sulejów Reservoir of rots was measured. Average values were used for final calculation of the percentage inhibition of seed germination and root growth which was made using following equation:
where: A -mean seed germination or root length in the control soil, and B -mean seed germination or root length in the test soil.
Maps of spatial diversity of sediments toxicity were made using SURFER 6.0 software, interpolation was made according to krigging method. Cluster analysis was made using STATISTICA 9.0 software, where single bond method was used to express the range of resemblance of tested sampling stations.
Results
Toxicity expressed as inhibition of seed germination has been generally lower (average calculated for all samples 31%) than the root growth inhibition index (average calculated for all samples 72%). The highest rate for both indicators was observed in case of L. sativum; 73% for seed germination and 92% for root growth. The lowest values of both indexes were recorded for S. alba (6% and 59%, respectively), while for S. saccharatum 13% of seed germination repression and 66% of root growth retardation. S. alba did not exhibited any toxic reaction in six sampling points, whereas S. saccharatum in four sampling points, while only two of these sampling points (No. 6 and 11) have obtained consistent results for both plant species (Fig. 2) . (Fig. 2) .
Characteristic pattern was observed in spatial variation of sediment toxicity, dividing the basin in two parts; upper and lower part of the reservoir, where the values of inhibition of both, seed germination and root growth were elevated in comparison to central part of the reservoir (Fig. 3) . More sensitive root growth index designated toxically endangered areas as more extended (Fig. 3) .
Sampling points (No. 4 and 16) of the highest recorded average toxicity (46% of seed germination repression and 87% of root growth inhibition) were located in the opposite ends of the reservoir (Fig. 3) . Visible in Fig. 3 division of the reservoir into two parts resulted from lower values of toxicity indicators in its central part (stations No. 11, 18, 19) .
In the sampling point No. 11 the overall lowest values of both analysed toxicity indicators have been reported (20% repression of seed germination and 45% of root growth inhibition). Also in the stations No. 18 and 19 the inhibition of seed germination was as low (20%), however, the second indicator was much higher (74 and 76%, respectively).
The division into upper and lower parts within the reservoir was confirmed by cluster analysis performed on the basis of the average values of both applied indicators of toxicity. The results (Fig. 4) indicated two main groups containing the sampling points of a high degree of similarity. First group includes stations located in the lower part of the reservoir, which are clustered in two subgroups (sampling points No. 15, 16, of a high toxicity and No. 18, 19 of a lower values). Second main group includes several subgroups hierarchically collecting remaining sampling stations in following order: 1, 11, 4, 6, 8. the results of cluster analysis and the maps suggest change and differentiation of conditions along the reservoir.
Statistically significant relationship between toxicity and both, organic matter content and pH in the sediment have not been confirmed. However, water content in sediments showed positive correla- Tests made with L. sativum and S. saccharatum gave quite comparable results for both; inhibition of seed germination and root growth retardation, which relevance was confirmed by statistically significant Pearson correlation coefficients r = 0.80, p < 0.05 and r = 0.78, p < 0.05, respectively. In case of S. alba the interrelationship between both studied phytotoxicity indexes was statistically insignificant (r = 0.41, p < 0.05), and was probably the least reliable indicator.
If comparing two indicators of ecotoxicity, based on: seed germination and growth of roots, it appears that the results given by each of them are sometimes distinct. Inhibition of seeds germination often indicate lower toxicity than roots growth index. Root growth inhibition is more sensitive than the seed germination retardation.
These observations have been confirmed by Oleszczuk (2008) and Baran et al. (2008) who pointed that the rate of inhibition of seed germination is highly sensitive for heavy metals, certain polymers and petroleum. But in many cases seeds sprouting is observed even despite the presence of these substances in the environment. However, later they express phytotoxicity as a roots growth inhibition (Oleszczuk 2009 ).
The highest toxicity of sediments expressed by both: seed germination and roots growth was recorded in the central basin of the Sulejów Reservoir just behind its narrowing, that separates back water part from the main basin, and in lower part of the reservoir near the dam. Such a spatial distribution of toxic sediments in the reservoir can be connected with the shape of the reservoir bed and hydrological conditions. Narrowing behind the backwater part of the reservoir due to slowed down water flow creates sedimentation area for organic particulate matter, suspended colloids etc. and associated contaminants transported by tributaries (Straskraba 1999) . Association of heavy metals and other pollutants with the fine fraction of organic matter or clay in sediments has been confirmed by many authors (Dojlido and Taboryska 1991; Ciemniak et al. 2005; Gierszewski 2008 ). However in the case of this reservoir exceedances of natural concentrations of heavy metals, PAHs and pesticides have not been reported so far.
Elevated phytotoxicity of sediments in the lower part of the Sulejów reservoir is probably connected with toxic cyanobacterial blooms which occur intensively every summer in this area . Dead cyanobacterial cells drop down to the bottom of the reservoir and during lysis the cells release cyanotoxins, which can remain chemically active for months as dissolved or associated with fine particulate organic matter and clay (Morris et al. 2000; Zakaria et al. 2007 ).
Czerniawska -Kusza et al. (2006) proved significant role of sediment organic matter content and grain-size distribution in sediment contamination and higher plant responses to contaminated samples (Czerniawska- Kusza et al. 2006) . However this interactions have not been confirmed in our studies. Lack of positive correlation of phytotoxicity with organic matter and positive relationship of roots elongation with water content in sediments suggest stronger effect of substances soluble in water and negligible impact of particulate organic contaminants. This also could support the explanation of phytotoxicity caused by microcystins, which as a polar compound is easily soluble in water. Wörmer et al. (2010) estimated that during a Microcystis dominated bloom, around 4.5% microcystins from water column may be involved in sedimentation, which is a major mechanism of cyanotoxins delivery to sediments. At oxic or microaerophilic (<2% O 2 ) conditions, microcystin decomposition takes more than 7 weeks (Holst et al. 2003) . High concentrations of microcistins during cyanobacterial blooms in the Sulejowski reservoir was confirmed many times in last decade Izydorczyk et al. 2009 ).
Cluster analysis confirmed diversification of spatial conditions along the reservoir: upper and lower part with the highest toxicity recorded in opposite ends of the reservoir.
Lack of fluent phytotoxicity variation along the reservoir, or at least along the main stream or one of the shores, may point to two different sources of origin of toxicity in sediments. The upper part can be supplied in contaminants from the reservoir catchment by tributaries, while in the lower part toxicants can be produced in situ, such as cyanotoxins. However, confirmation or exclusion of this thesis requires further study.
